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uastroesophageal reflux disease (GERD) is the most com-
mon disorder of the esophagus and gastroesophageal
unction, which affects approximately 6 to 10% of Ameri-
ans.1,2 The single most important factor for GERD develop-
ent is an incompetent lower esophageal sphincter. The goal
f antireflux surgery is to re-establish the competency of the
ower esophageal sphincter while preserving the patient’s
ormal swallowing capacity.3 The Nissen fundoplication is
he gold standard for the operative treatment of GERD. The
epartment of Surgery, Oregon Health and Science University, Portland,
Oregon.
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sor and Chair, Department of Surgery, Oregon Health and Science Uni-
versity, 3181 SW Sam Jackson Park Road, L223A, Portland, Oregons97239-3098. E mail: hunterj@ohsu.edu
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doi:10.1053/j.optechstcvs.2006.08.002rinciples of modern Nissen fundoplication include a secure
rural closure and creation of a short (2 cm), 360-degree
floppy” fundoplication designed to most closely replicate
he normal physiology of the gastroesophageal flap valve.4
The primary indications for antireflux surgery are in pa-
ients with esophageal and/or extra-esophageal GERD symp-
oms that are responsive, but not completely eliminated by
roton-pump inhibitor (PPI); patients with heartburn elimi-
ated by PPI but continued nonacid reflux; in patients with
ell-documented reflux events preceding symptoms such as
hest pain, cough, or wheezing, in patients with GERD com-
lications such as peptic stricture, Barrett’s esophagus, or
ocal cord injury, while on twice-a-day PPI, and in patients
ith well-documented GERD who desire to stop chronic PPI
se despite excellent symptom control for any reason (eg,
ide effects, lifestyle, expense).
Laparoscopic Nissen fundoplication 219Operative Technique
Figure 1 A five-port (two 10-mm ports and three 5-mm ports) technique is used. After induction of general anesthesia,
the patient is placed in a split-leg position with both arms tucked and secured to the operating table. Pnenumoperi-
toneum is achieved by a Veress needle inserted at the umbilicus. A 10-mm camera port is placed just superior and to
the left of the umbilicus, approximately 15 cm below the xiphoid and medial to the superior epigastric artery. With the
patient in a steep reverse Trendelenburg position, a second port (10-mm) is next placed approximately 11 to12 cm
below the xiphoid process at the left costal margin. The third port (5-mm) is generally placed 8 to10 cm farther down
the left costal margin than the second port. The fourth port, for liver retraction, is a 5-mmport placed on the right costal
margin 12 to 15 cm from the sternal base (depending on the size of the liver). Alternatively, the liver can be retracted
with a Nathanson retractor placed high in the subxiphisternal region. Last, a 5-mmport is placed to the right of midline,
at the level of the 10-mm dissecting port, angling through the falciform ligament internally to lie immediately below the
left liver edge.
220 S.H. Teh and J.G. HunterFigure 2 Dissection of the pars flacida and extending superiorly and the phrenoesophageal ligaments is divided along
the apex of the hiatus. The dissection starts by dividing the pars flacida, the thin membrane between the liver and the
gastroesophageal junction. This membrane is divided above and below the hepatic branch of the vagus nerve, revealing
the caudate lobe below and exposing the hiatus and the right crus of the diaphragm. The peritoneum overlying the right
crus is incised; the medial border is dissected, and the phrenoesophageal ligament is divided along the apex of the
hiatus. Dissection is continued across the top of the crural arch until the left crus is exposed. The dissection is then
carried down the border of the left crus until the angle of His and the gastric fundus limit further inferior dissection. The
anterior vagus nerve should be identified and preserved as it crosses the esophagus in this region.
Laparoscopic Nissen fundoplication 221Figure 3 Horizontal spreading with closed graspers to open the posterior mediastinum. Peri-esophageal mediastinal
dissection is initiated bluntly by introducing two round-nosed atraumatic graspers between the right crus and the
esophagus and spreading horizontally (9 and 3 o’clock position) with the graspers closed. This step is repeated to the
left of the esophagus. Thermal devices are limited during mediastinal dissection to avoid undetected injury to the vagus
nerves.
222 S.H. Teh and J.G. HunterFigure 4 Taking down the greater curvature of the stomach by dividing short gastric vessels. The dissection of the
fundus of the stomach is begun by identifying the point on the greater curvature approximately one-third of the
distance from angle of His to the antrum. A convenient landmark for this point is the inferior pole of the spleen or
(occasionally visible) the left gastroepiploic artery. With the surgeon’s left-hand instrument grasping the stomach
adjacent to the greater curvature and retracting inferiormedially and the first assistant retracting the greater omentum
anterolaterally, the lesser sac is entered with the harmonic scalpel, approximately 5 to 10 mm away from the greater
curve of the stomach. Expose the superior pole of the spleen with “triangular retraction.” The three corners of retraction
in the axial plane are the spleen tip, the surgeon’s left-hand instrument retracting anteromedially on the anterior wall
of the fundus, and the first assistant retracting posteromedially on the posterior wall of the stomach.
Laparoscopic Nissen fundoplication 223Figure 5 Dissection of the retroperitoneal gastrophrenic fold. Layer the dissection of the vascular structures at the
superior pole of the spleen, starting with the visceral peritoneal reflection, then the short gastric vessels, and then the
retroperitoneal gastrophrenic tissues. Dividing the pancreaticogastric peritoneal fold and the posterior gastric artery is
necessary to fully mobilize the fundus and reach the base of the left crus posteriorly.
224 S.H. Teh and J.G. HunterFigure 6 Penrose drain around the esophagus and secure with an endoloop. At the completion of the gastric dissection,
the base of the left crus is reached. If the earlier dissection reached the base of the right crus, the plane behind the
esophagus is complete. Once this retroesophageal “tunnel” is made, a 4-inch-long, one-fourth-inch-wide Penrose drain
is passed around the esophagus and secured with an endoloop. The first assistant places a toothed locking (gallbladder
type) grasper on the secured Penrose drain and retracts inferiorly and to the patient’s left. The esophagus is freed
circumferentially within the mediastinum with blunt dissection. The posterior vagus is encountered adjacent to the
esophagus and is generally retracted along with the esophagus. Dissection of the posterior vagus away from the
esophagus exposes the vagus to injury later in the dissection. Whereas most of the mediastinal dissection can be done
bluntly, an occasional aortoesophageal artery is encountered (usually high on the left) and should be controlled with
the harmonic scalpel. The length of the mediastinal dissection depends on available intraabdominal esophagus.
To best assess intraabdominal esophageal length, the crural edges are pulled together by the surgeon to simulate a
crural closure, the Penrose drain is released, and the distance from the gastroesophageal junction to the crural closure
is measured. At least 2.5 cm of esophagus must be within the abdomen under no tension. If the maximal mediastinal
dissection does not adequately reduce 2.5 cm of intraabdominal esophagus, a Collis gastroplasty should be per-
formed.
Laparoscopic Nissen fundoplication 225Figure 7 The crural closure with nonabsorbable suture that started posteriorly and working anteriorly. The crura are
closed from the right of the esophagus with interrupted nonabsorbable sutures placed 8 to 10 mm apart, 10 mm back
from the crural edge. The peritoneal covering of the crural should be incorporated into the repair, and the sutures
should be “staggered” in the anterior–posterior plane on the crural to avoid splitting the crural musculature along the
length of the repair. The completed crural closure should be calibrated to the size of the esophagus containing a 56-Fr
esophageal dilator. One cannot close the crural with the dilator in place but sutures can be added or cut out after the
dilator has sized the proper crural aperture. To prevent reherniation, this crural closure is often performed with single
1-cm2 Teflon felt patches, felt strips, or occasionally a piece of absorbable or nonabsorbable mesh placed across the
crural closure.
226 S.H. Teh and J.G. HunterFigure 8 The “shoeshine maneuver” to ensure fundoplication is in good position without tension. The fundus is next
passed posteriorly from left to right using atraumatic graspers to assess for adequate mobilization. The “shoeshine
maneuver” involves sliding the fundoplication back and forth behind the esophagus to confirm good position. One
purpose of this maneuver is to confirm that no redundant fundus lies posterior to the esophagus on creation of the
fundoplication. Grasping a point too low on the greater curvature may predispose to this error. The fundoplication
should not retract significantly when graspers are released. A 56- or 60-F esophageal dilator is then passed transorally
into the stomach by the anesthesiologist under telescopic vision by the surgeon. Good communication and slow
advancement of the dilator are essential to minimize risk of perforation at the esophagogastric junction. The dilator
should pass without resistance. If resistance is encountered, remove the dilator. Pass a smaller dilator and then increase
dilator size until resistance is noted.
Laparoscopic Nissen fundoplication 227Figure 9 The completed Nissen fundoplication with three nonabsorbable sutures 1 cm apart. After dilator placement,
the most superior stitch of the fundoplication is placed 2 cm proximal to the esophagogastric junction, using a simple
interrupted 2-0 nonabsorbable suture, with full-thickness bites through each side of the fundoplication and a partial
thickness esophageal bite in between. Two additional sutures are placed 1 and 2 cm below the initial suture, creating
a 2-cm-long fundoplication that is secured to the esophagus just above the level of the esophagogastric junction. Factors
that influence the tightness of the wrap are the degree of mobilization of the fundus, the size of the esophageal dilator,
and the sutures placed to create the fundoplication.
228 S.H. Teh and J.G. HunterFigure 10 Laparoscopic staple of the fundus from greater curve toward the lesser curve. An esophageal dilator (16 mm)
is placed to calibrate the width of the gastric tube. A mark is made 3 cm inferior to the angle of His adjacent to the
dilator. The laparoscopic approach to the short esophagus uses a linear stapler and creates a stapled wedge gastroplasty.
An esophageal dilator (16 mm) is placed to calibrate the width of the gastric tube. A mark is made 3 cm inferior to the
angle of His adjacent to the dilator. The laparoscopic stapled wedge gastroplasty can be performed by applying the
laparoscopic stapler horizontally from the greater curve toward the lesser curve with the esophageal dilator in place.
Laparoscopic Nissen fundoplication 229Figure 11 Lengthening of the esophagus by laparoscopic stapling that is parallel to the esophagus (with a dilator in
place) in the cranial direction. The gastroplasty is completed by firing a staple parallel to the dilator in the cranial
direction and therefore lengthening the esophagus. The superior portion of the body of the stomach is then used as the
wrap.
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230 S.H. Teh and J.G. Hunterostoperative Care
nasogastric tube is unnecessary after laparoscopic Nissen
undoplication. Patients are monitored on the regular floor
nd started on clear liquids once they are awake and alert on
he evening of surgery. Diet can be advanced to a soft diet the
ollowing day. Patients may be dismissed home in 1 to 2 days.
atients are advised not to eat large chunks of unchewed food
or about 3 weeks, especially avoiding bread, meat, and raw
egetables. We encourage 1 month follow-up; no studies are
outine, but a barium swallow serves as an excellent screen-
ng test to evaluate postoperative dysphagia or reflux-like
Figure 12 Final appearance of the fundoplication that pla
gus. One important factor in fashioning the fundoplicat
the esophagus, immediately above the gastroesophagea
not reside above the fundoplication. A second factor th
gastric portion of the staple line against the neoesophagu
middle suture of the fundoplication on the right side ofymptoms. tutcomes Following Nissen
undoplication
otential specific perioperative morbidity includes esopha-
eal perforation, pneumothorax, splenic injury, bleeding,
nd missed visceral injury. The overall short- and long-term
esults in appropriately selected patients are excellent: more
han 90% of patients had their reflux symptoms elimi-
ated.5-7 Over time 2 to17% of patients develop new or re-
urrent foregut symptoms. Whereas some dysphagia, gas,
loating, and mild residual esophagitis are not uncommon in
gastric portion of the staple line against the neoesopha-
lacement of the initial suture of the fundoplication on
on, to ensure that acid-secreting (gastric) mucosa does
res safety and avoids wrap deformation is to place the
that the tip of the gastric staple line sits adjacent to the
ophagus.ces the
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Laparoscopic Nissen fundoplication 231olve by 3 to 6 months; severe or persistent symptoms may
ndicate failure. Two to six percent of patients undergoing
ntireflux surgery eventually require reoperation.8
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